the vertical external loads.
The remainder of the paper is arranged as follows. In Section II, a 3-D nonlinear dynamic model of the reflector is presented. In Section III, linearization based on a nonlinear static equilibrium of the reflector leads to a linearized dynamic model of the reflector. The models are validated in numerical simulation in Section IV, and conclusions are made in Section V. 
II. Nonlinear Dynamic Model
As it mentioned previously, the deployable mesh reflector in consideration is viewed as a 3-D truss structure, with each element only sustaining axial (tension) stress. For the kth element of the truss of initial length k L (given undeformed length), let the nodes (ends) of the element after deformation be described by , , 
By Eq. (1), the strain of the element is of the form
where k L is the elongation of the element and k l is the deformed element length. Here it is assumed that the truss structure is only deformed under external loads without any thermal distortion. Since the deployable mesh reflectors are used in space with negligible gravity, the potential energy of an element is purely the elastic energy.
The potential energy of the element due to elastic deformation is then
where , A s is the area of cross section at axis-location, and a nonlinear stress-strain relation E has been adopted. 
where k M is the total mass of the element. Then the velocity of the center of mass is obtained as , ,
which in a matrix format is
with , , 
Therefore, the kinematic energy of the element is 2 2 2 , ,
Under the virtual work of external nodal forces at the kth element is
For the entire structure, we have
where m is the number of elements of the truss, def y is the global coordinate vector of all nodes (after deformation), and Q is the vector of the external forces applied at the nodes. By the extended Hamilton
It follows that the nonlinear equations of motion of the deployable mesh reflector are in the matrix form
From Eq. (8) and (9) 
III. Linearized Model and Vibration Analysis
One common way of designing shape controller for a deployable mesh reflector is to derive a linearized model based on the nonlinear equation (19) of motion. Let 
where is obtained from E. (19) by dropping time-dependent quantities. Equation (20) can be solved by using the nonlinear solver developed in the authors' previous work [9] . Now, consider a small perturbation 
where i is the ith natural frequency of the deployable mesh reflector, and i is the corresponding mode shape. The natural frequencies (eigenvalues) of the structure are the roots of the characteristic equation
IV. Numerical Simulation and Discussion
The proposed nonlinear dynamic model and linearized model are applied to two examples in numerical simulation: a six-element truss and a 90-element spherical reflector structure.
Example 1. A six-element truss
Before the nonlinear dynamic model is applied to a mesh reflector, it is necessary to verify its correctness and accuracy. For this reason, we first consider a simple truss structure of six nodes and six elements, which is under external forces in the vertical (z) direction (see Fig. 2 ). For simplicity, it is assumed that truss elements have linear stress-strain relation and uniform geometry. As shown in the figure, nodes 1, 2 and 3 are fixed, and nodes 4, 5 and 6 are movable. The truss is subject to unity external loads at movable nodes 4, 5, 6 in the vertical down direction (negative z direction). The coordinates of the nodes are given in Table 1 . All the elements have the same longitudinal rigidity EA = 10000 N/m^2. The forced response of the truss is computed, to compare the proposed method with the finite element method (FEM). Three unity external loads are applied to the undeformed truss ( 
For the numerical simulation, the Young's modules is 0 E A = 1.1121e+005 N/m^2. .6346 rad/s , 3 4 14.7368 rad/s, 16.0460 rad/s . Due to the axis symmetry of the reflector, repeated natural frequencies appear in pairs (for instance, the first two) . The first four mode shapes of the reflector are plotted in Figure 6 , where the solid lines portray mode shapes and dotted lines represent the equilibrium configuration of the truss. The nonlinear and linearized models will play an important role in shape control of deployable mesh reflectors under thermal loads, which will be addressed in a follow-up investigation.
